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ABSTRACT

Bisbenzyltetrahydroisoquinoline (BBIQ) alkaloids are a very large and structurally
diverse family of compounds that have been isolated from a variety of plant sources and

have been found to exhibit a multitude of i ies including

antimalarial. and antibacterial activities. Variations in the number of aromatic oxygen
substituents present. the number of ether linkages. the nature of the ether bridges and the
sites on the two benzylisoquinoline units where the ether or carbon-carbon bond originate.
have made BBIQs very interesting targets for several synthetic endeavours.

The research described herein will focus on the anti-inflammatory and antioxidant
activities of the BBIQ oxyacanthine. and several other compounds isolated from the

herbal plant Mahonia

using the lipoxyg: ibition and DPPH radical

scavenging assays. In addition. the total synthesis of two target BBIQ are investigated

utilizing the Pictet-Spengler and Bischler-Napicralski strat for i
formation. Furthermore. alternative means to the classic Ullmann conditions for ether

linkages is explored.
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CHAPTER 1

INTRODUCTION

11 Structures and Sources of BBIQ Alkaloids
Bisbenzyltetrahydroisoquinoline (BBIQ) alkaloids. somewhat erroneously referred

1o in many i as “bisbenzyli: inolines™ are almost forgotten targets in

synthetic chemistry ever since they were first identified and studied in the mid-1970's.
With the rapid discovery of other novel. complex compounds providing intriguing

pharmacological promise and synthetic challenges. BBIQs took a back seat with respect 10

synthetic interest. On the other hand. bioch and I have

10 investigate these ds for the variety of pharmacological properties
that they exhibit.
The BBIQ structural class of alkaloid is very large with a modest estimate of over

200 members.'~ They have been isolated from a variety of plant sources. with their

amounts and being d ined by factors.’ Their molecular
structures vary according to the number of aromatic oxygen substituents and the number
and nature of the ether bridges. as well as the sites on the BBIQ units at which the ether or
carbon-carbon bonds originate.” Considering the extremely large number of possible
variations. the BBIQs are divided into 28 categories according to their structural

Figure | three different (a) the dauricine type.

characterized by a single ether bridge between the two benzyl groups: (b) the berbamine
type. with ether bridges between the two benzyl groups and also between the two

1



Isochondodendrine Type
Berbamine Type Cycleanine (10)
Figure 1. Three structural “types™ of BBIQ alkaloids.
line units, with the sub pattern shown; and (c) the

isochondodendrine type which can be considered to be “head-to-tail” dimers. An

extensive database has been piled which ize these

their botanical sources.' Many of these sources exhibit potent pharmacological

2 ISTR-oxyacanthine R;=CHj Ry=CHy Ry=H
7 IRIS-aomoline  R;=H. R,=CH; Ry=H
Hy. Ry=CH,
Hy

1=CHz. Ry=H. Ry
Ry =CHy, Ry=CH; Ry=CHj

19 1R I'R - phacanthine Ry =CH; Ry=CH, Ry =CH,
38 IR1'S-obamegine Ry =H, Ry=CH; Ry=H
4 15.1S- tetrandrine Ry =CHy, Ry=CHy. Ry=CHs
R;=CH;, Ry=CH; Ry=H

. I'S- isotetrandrine R, =CHy, Ry=CHy. Ry =CHy
8 1S, I'S - fangchinoline R, =CH, Ry = CHy
39 1R I'S - aquifoline R, =CH. Ry=H

2




activities,***”® which have been in part attributed to the action of BBIQs.

Mahonia aquifolium is an shrub of particular interest. Its extracts have

been reported to include potent antioxi iproliferative, and anti-i ¥
effects. The investigations of Miiller ef al. and Misik ef al.* have provided evidence that
some of the constituent alkaloids of this plant exhibit new potent, non-toxic treatments for
psoriasis and other inflammatory conditions. Their work, as well as the investigations of
this author will be examined in the following chapters.
1.2 Pharmacological Activity of BBIQ Alkaloids

The first pharmacological interest in these alkaloids stems from the known use of
one of these compounds as a poison in arrows used by several native South American
tribes. (+)-Tubocurarine (1), which is isolated from a South American plant. serves to

block the action of acetylcholine, resulting in muscle

paralysis and eventually leading to death through

CH; respiratory failure. The compound was later utilized

in conjunction with other ics in

surgery as a muscle relaxant.” Since this initial
interest, much attention has been focussed on

. s ot ol logical activities of

BBIQs, only some of which are outlined in Table 1.
Table 1 reveals that anti-inflammatory action is common to each of the compounds and

that there is a multitude of activities which have been observed for the oxyacanthine (2)-



Tablel.  Some pharmacological activities attributed to the action of BBIQs.
Compound Structure Pharmacological Effects

oxyacanthine 2 anti-inflammatony. **” antioxidant." antiproliferative.'”

inhibition of IL-2 and TNF''

berbamine 3 07 anti i
antioxidant.” inhibition of PAF."'* inhibition of IL-2 and TNF.
immunosuppressive' "

tetrandrine 4 Inhibition of T-cell dependant immune responses.* antiplasmoidal. *
anti-inflammatony.” ' " ** PAF inhibition'*

cepharanthine 5 v anti i of pottasium
release from red blood cells. inhibition of erythrocyte sick cell
formation. platelet aggregation'”
(-)-repandine 6 antiplasmoidal.'” anti-inflammatory "'
aromoline 7 - "
fangchinoline 8 i E
isotetrandrine 9 =
cycleanine 10 ®

berbamine (3) types of structures. These two compounds are of particular interest to the
research presented in this thesis. firstly because 2 and 3 were isolated from Mahonia
uquifolium. and secondly because the structures are very similar. except for differences in
their substitution patterns and opposite cenfigurations at C1 and C1'. In addition. the
structures of many other BBIQs (i.c.. 4-9) are variants of the oxyacanthine-berbamine
type. therefore studies into pharmacological effects and synthesis may be significant for

other compounds.



and oxidation have d negative effects in biological
systems. BBIQs are potentially potent. non-toxic therapeutic agents which have been
demonstrated to inhibit these activities. The research conducted by this author. and is
described in this thesis. will examine the abilities of the oxyacanthine-berbamine type of

compounds to inhibit the action of i ion and oxidation. This is ished

using in vitro lipoxygenase inhibition and DPPH radical scavenging assays. techniques
which will be described in detail in Chapters 2 and 3. respectively.
Over the past 30 years. several attempts have been made to determine the

structure-activity correlations for BBIQs.*'* Some investigations lend support to chirality

and substitution patterns aiding in the selective interaction with various substrates.

while others suggest that the BBIQ is ized t0 active units. Angehoter er

al.” recently reported Selectivity Indices (SI) for 53 BBIQs. based on measuring the ratios

of their

| activity to their cytoxicity. They were able to identify some trends
in compounds that exhibited high SI values. however no conclusions could be made for
the other alkaloids tested. Although investigations have provided evidence for many
different hypotheses. definitive proof of how these compounds exert their effects in

biological systems has still not been provided. What is known is that BBIQs do exhibit

potent biological activities and represent a potentially non-toxic alternative to many
commercial therapeutic agents.
1.3 Synthesis of BBIQs

Few synthetic initiatives have been undertaken since the 1960's and 70's. The



attempts during this period are outlined in a couple of reviews by Shamma er al.*'* with

particular emphasis on the work conducted by Tomita.'™ [nubushi* and Kametani
The latter two researchers focused primarily on the synthesis of oxyacanthine (2)-

berbamine (3) and related while Tomita d on the synthesis of the

isochondodendrine type of BBIQ (¢.g. cycleanine. 10). Each group undertook similar

synthetic routes 1o their respy thus ing many of the same

problems i with regioselectivity. difficulti

ivity and coupling

14 Previous Synthetic Approaches Towards Oxyacanthine and Berbamine
The synthetic endeavours of the groups of Inubushi and of Kametani had several

features in common. including:

1) derivation from four similarly substituted synthons.

2) ether linkages formed via some variation of the classical Ulimann conditions.

amides formed either by the Schotten-Baumann reaction or a DCC-aided

condensation between a phenylacetic acid and an amine. and

4 ydroisoquinoline fc i ished via a Bischl

cyclization.
Scheme 1 shows the synthetic approach proposed by Kametani ef al.. in which the BBIQ
macrocycle was formed trom the combination of “top™ (11) and “bottom™ (12) halves.
Intermediates 11 and 12 were formed in low vield (10%) via ether linkage of the two

amine synthons (13 & 14) and the two acid synthons (15 & 16) respectively. Following

the construction of the bisamide regioi. (17 & 18). Bischl

-6-
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and NaBH; reduction successfully formed the two tetrahydroisoquinoline rings and
resulted in the formation of the two stereogenic centers at C1 and C1' as a mixture of
diastereomers that proved to be very difficult to separate.

Inubushi ef al. proposed the route shown in Scheme 2 to compounds 9, 19 and 4.

They originally considered that two appropri
isoquinoline units could be joined via a dual Ullmann coupling to give the macrocycle.
However, this approach would give rise not only to the oxyacanthine-berbamine (head-to-

head, tail-to-tail coupling) type of structure, but also to an isochondodendrine (head-to-

i



tail, e.g. cycleanine (10)) type of structure. Inubushi circumvented this problem through

hesis of the bromi ituted b i inoline (20), thus allowing a
stepwise route that permitted selective formation of ether linkages and of tetrahydro-
isoquinoline cyclizations (Scheme 2). They reported the resolution of R-(-)-O-benzyl-8-
bromolaudanidine (20) as its (+)-tartaric salt, followed by an Ullmann reaction with 21 to

give 22. Deprotection of the phenol by hydrogenation and a second Ullmann

2
Scheme 2



condensation with 23. formed the ether linkage for the bottom half of the structure. At

this juncture. removal of the 8 ¥l group and i ion of the ester
allowed for condensation with the amine to give amide 24. Fortunately. the positioning of’
the electron-donating groups on the aromatic ring permitted the formation of only one
regioisomer (25).

In general. Inubushi’s route (Scheme 2) was the most effective. circumventing
many of the problems in regioselectivity and diastereoselectivity in Kametani's method
(Scheme 1). However. both attempts still had difficulties associated with the Ullmann
reaction as well as controling the stereochemical outcome of their final products.

1.5 Cycleanine

Cycleanine (10) is a symmetrical BBIQ that is an interesting synthetic and
medicinal target. The structure of 10 is clearly a head-to-tail dimer composed of two
benz; ltetrahy droisoquinoline monomer units. Considering that the functional groups

present are limited compared to other. more complex BBIQs. the compound may be an

ideal candidate for studies on ivity i As well. interest originating
from the DPPH radical ging assay. permits an ination of the role of’
tetrahydroisoquinolines as radical reducing From these perspectives. the

synthesis of cycleanine (10) would serve as a model for examining the effectiveness of’
modern techniques and reagents for the synthesis of the more complex BBIQs.

1.6 ic App to Cy

Previous attempts towards the synthesis of the isochondodendine type of BBIQ.

-9-



cycleanine (10) can be accredited to the work of Tomita et al.'*** The fact that cycleanine
is a head-to-tail dimer permits exploitation of symmetry in the total synthesis. Tomita

proposed two strategies. The first is outlined in Scheme 3. It is an approach to the

ofabi ide followed by a dual Bischler-Napieralski reaction
to form the two hydroi inoline units. The syntheti involved the initial
DCC-aided cond ion between the d amine group of compound 26 and the

Scheme 3
henylacetic acid ionality of d 27. The resultant CBZo-protected amine 28
was di and then i ion of the phenylacetic ester and a second DCC

-10-



aided condensation gave bis-amide 29. As in Kametani’s approach to oxyacanthine-

: the Bischler-Napieralski cycli

resulted in a mixture of regioisomers
(ring closure on both sites a and b). Since formation of neither of the tetrahydro-

qui ioi could be

lled, the reaction resulted in a complex mixture
of products.

Tomita recognized the probl iated with this h and d

loped the

Scheme 4

)



strategy illustrated in Scheme 4. Tomita attempted to make use of the symmetrical nature
of cycleanine and construct an appropriately substituted monomer unit which he hoped to
dimerize via a dual Ulimann ether linkage reaction. The synthesis of d/-brome-
armepavine (30) was very efficient. resulting in the correct regioisomer as the
predominant product. However. the second step involving the dual Ullmann ether
couplings did not give the desired product (31). Instead. formation of only one of the
ether linkages was effected (32). but the second ether linkage was not successful despite
further anempts.

A great deal of etfort has been invested into the synthesis of the oxyacanthine-
berbamine and cycleanine structures. however each route. regardless of the structure type.

incurred problems with the formation of the macroeyclic ether linkages and with

d ing the correct h i outcome of the tetrahydroisoquinoline ring closure.

Unfortunately. researchers were greatly limited with respect to alternatives for these key

steps. Nonethel with the P of modern ies. the potential for

overcoming these difficulties may be greatly enhanced.
1.7 Modern Alternatives to the Ullmann Reaction

The original Ullmann conditions involved the use of elevated reaction
temperatures. formidable purification problems. generally low vields and the use of

stoichiometric amounts of copper.” In addition. the coupling was only effective for

that d inacti or slightly activated halides.™ a condition which
posed significant difficulties for BBIQ structures containing highly activated and

12



sterically hindered halides. Fortunately. as a result of the discovery of large. highly

species such as yein. the synthetic organic community has
seen the rise of many alternative methods for constructing diaryl ether linkages. Evans™
and Chan™ reported the use of aryIboronic acids to couple with activated phenols through
the mediation of CutOAc).. Although the reaction has been reported to tolerate a wide
variety of substituents on both coupling partners. in cases where the aryl halide has an
ortho-heteroatom substituent. the yields of product are generally low. However. reactions
between halides and highly activated phenols have enjoyed much success and have been
reported in vields that are substantially higher than those produced under traditional
Ulimann conditions.

In addition. Buchwald er u/.”' reported on diaryl-ether linkages of deactivated.
neutral. and highly activated any| halides utilizing a palladium-catalysed reaction with

several different bases. solvents and bi

ligands. ing on the type of

svstem presented. For highly activated any | halides substituted with electron-donating
groups in the pura position. high yields were reported using the biphenyl ligand 33 and a

monobasic potassium phosphate base (Table 2). However.

O they provided no example of a successful coupling reaction of
O electron-donating groups ortho to the halide. Also. no
 Adamants|),P explanation was provided as to why such a sterically bulky
33

ligand was necessary to effect this type of reaction.

=%



Table 2.  Diaryl ether linkages of phenols with electron-rich halides as reported by
Buchwald e al.*!
entry halide phenol base ligand  yield (%)

i-Pr
OO (Cr*é o w
Wosloaioac NS

1.8 pi in T i inoline Ring Closure

During the original investigations into the synthesis of BBIQs, only the Bischler-

Napieralski cyclization was utilized in the ion of hydroi inoline rings.
Characterized by refluxing an amide and a Lewis acid (generally POCI,) in benzene, the

reaction was widely employed, however very little was understood with regard to the

mechanism, or control of product fc ion. Fodor and Nagubundi*” in 1980 prop

H;CO. &
+
NR NR
/£ H;CO
H [Nopoct,

R e
3¢ OpOCl; B Jss
H;CO. HyCO.
NR T CAR
HiCO HyCO
K RLOPOCI,
36
Scheme 5

-14-



the first accepted mechanism. which has since undergone several revisions and
modifications. The mechanism outlined in Scheme 5 is currently accepted.

Generally. the Lewis acid will coordinate to the carbonyl function of the amide 0
give an iminium salt (34). Electrophilic artack by the aromatic ring onto the iminium

carbon letes the fc ion of the vdroi: inoline ring (35). This is followed

by the loss of a proton and the elimination of the Lewis base facilitated by the lone pairs
on the nitrogen. The resultant iminium ion (36) is then reduced by some variation of
NaBH,.

A necessary condition for the Bischler-Napieralski reaction is the presence of an
electron-donating group pura 1o the site of ring closure. Of course. in situations in which
there are several electron-donating groups. there are multiple sites for ring closure.

Although little is known as to the i that control regi ity. some

investigations give support to both electronic and steric effects. Thus. a desired
regioisomer can be favoured through the substitution of either a weakly electron-donating
group para 1o an unwanted closiny site. or by making one site more sterically hindered
than an alternative site.

Since the initial synthetic attempts towards BBIQs. additional methodologies have

been employed. primarily the P pengler and F Fritsch cyclizations.” The

Pictet-Spengler cyclisation has quickly risen to become the most popular method for the

construction of six. bered nitrog h . C ised by the

mechanism shown in Scheme 6. the method is very similar to the Bischler-Napieralski




H,CO. H,CO. H;CO 4
RCHO +
NHR aEa NR = NR
HyCO HyCl N /. H;yC I
. R
B

H,CO.
NR
HyC
R
Scheme 6
cyclisation, however. a couple of advantages are i diately app : (i) reaction
conditions are milder than the traditional Bischl ieralski cyclization, being

characterized by reacting mixtures of amine and aldehyde in the presence of mildly acidic

diti either at room temp or reflux: and (ii) the reaction is “one-pot™ leading
directly to the ion of the line without requiring a subsequent
reduction. Generally the aldehyde or aldehyde derivati d onto the amine with
the ining steps of the mechani inuing the same as outlined in Scheme 5.

This thesis will describe approaches used by this author towards the total synthesis

of ine, berbami leanine and related using recently developed

methodologies. The use of chiral auxilaries to control the chiral outcome of the

stereogenic centres at C1 and C1' will also be described.
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CHAPTER 2
BBIQ EXTRACTION

2.1 Introduction

Mahonia aquifolium (Berberidaceae) can be found mainly on the Pacific coast of
North America and in Central Europe.™ California Indians originally used the berries as
appetite stimulants. Since this initial use other pharmacological activities have been
explored. including the use of the berries as aphrodisiacs. diuretics. etc.: the root for
alleviating diarrhea. fever. uterosis. etc.: the tincture for treatment of acne. arthritis.
bronchitis. etc.. and the bark to treat psoriasis and other skin irritations.'** Recent
investigations into some of these medicinal remedies have been conducted. however very
littie evidence or understanding has been gained with respect o the active components or
their mechanism of action. A relatively large proportion of M. aquifolium is composed of
alkaloidal material (3°0) with the most abundant constituent being berberine (36).
Further fractionation of extracts has yielded several BBIQ alkaloids that have been
identified as being possible antioxidant and antiproliferative agents. which are suspected
to contribute to the medicinal effects of M. aquifolium.”
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The BBIQs identified in M. aquifolium include seven different compounds that are
divided into two sub-classes. herein referred to as: (a) the oxyacanthine (2) structural class
and. (b) the berbamine (3) structural class. Of these compounds isotetrandrine (9) was the
first to be isolated and identified from the root portion of the plant.” followed by the

isolation of oxy (0.048%). line (7. 0.005%). istine (37. 0.074%).

berbamine (0.042%). obamegine (38. 0.038%). and aquifoline (39. 0.071%) in subsequent
vears.” The literature examined to this point indicates the root portion of the plant as
having the richest alkaloid content. with few studies on the bark and foliage extractions.
The research described in this chapter focuses on determining specific indicators
of biological activity of various alkaloidal extracts. With this knowledge. the intent was

1o continue the fractionation of these extracts to the peint of isolating and identif}

specific alkaloids. This would allow activity-compound correlations to be made.
identifving one or more alkaloids as exhibiting the pharmacological activity of interest
(the methods for determining biological activity will be further expanded upon in future
chapters). Based upon published reports. the BBIQs were suspected to be the most active
constituents.” ™ [f our findings were in agreement. the intent was to isolate one or more of
the compounds. fully characterize the structure(s) and use the data for comparison with
future synthetic targets.

2.2 Results and Discussion

2.2.1 Progress in the Isolation and Elucidation of BBIQs

There exists a multitude of methods for the isolation and structural elucidation of

18



natural product: ' In general. the dry plant material is first extracted with a polar
solvent system such as MeOH or EtOH either at room temperature or at reflux. The
solvent is evaporated to give a residue. which is dissolved in an acidic medium and

washed with a non-polar organic solvent (¢.g. hexane). which removes neutral

such as lipids. glycosides. etc. The aqueous layer is then made basic and

Oregon Grape Root (5 kg)|

1) Reflux in EIOH
21 Concentration on Rotary Evaporator

Bulk Root Material

1) 5% HCl Work-up
2 Gravity Filtration

(Alkaloid Salts) (1nsolubles)

1) Hexane Wush
2 Neutralizanton with NH OH

(Free Bases in Aqueous Phase ) (Lipid Material)

Extraction with CHCI ;

"

MeOH/|
CHCly

Figure 2. Flow diagram of the alkaloid extraction process from Oregon Grape
Root.
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extracted with another organic solvent. which after drying with a dehydrating agent such
as magnesium sulfate. is filtered and again evaporated. A crude alkaloidal extract is thus
obtained which can be further fractionated and purified.

The isolation process used in this project followed the general method outlined in
Figure 2. The isolation of individual alkaloids was not met with great success. The

various extracts were tested for their gical activities using inhibiti

and keratinocyte anti-proliferation assays. however we were not able 10 isolate a pure
sample of a BBIQ. After several chromatographic separations (FCC & PLC) some
fractions. compounds were obtained which stained orange with DragendorT reagent and
whose 'H NMR spectra revealed peaks characteristic of BBIQ alkaloids. Probably the
most promising result is the 'H NMR spectrum (Figure 3) of an off-white solid obtained
after column chromatography. Figure 3 compares the 'H NMR spectra of the crude

product with that of c: Iy hi

As is evident from the spectra. the signals representing the methoxy protons

(83.79.3.62. 3.19). N-methyl protons (5 2.67. 2.57) and the aromatic protons match those

of oxy This gave a very " of the presence of a BBIQ
alkaloid. however the spectra also indicated that impurities were still present. TLC
analysis revealed only very small amounts of other substances. Unfortunately. all attempts
1o crystallize the product have failed. [t was then presumed that liquid chromatography
mass spectrometry (LC MS) could help to identify the minor components. However.

considering the polar nature of these alkaloids and the “tailing™ observed in the

20



Impure BBIQ

Y N R LJJM 3

Commercial Oxyacamhine

;
| | |
.l A.l‘ h . | [\ ) L

Figure 3. Comparison of the H NMR (500 MHz) spectra of an impure BBIQ

isolated from Vfahonia lium and v in
cncl,
" procedures used. considerable difficulty was in devising a

suitable solvent system that could efficiently separate the components of the mixture.

With the that volatile chlori organic solvents were to be avoided with
the LC™MS. an acetonitrile water system was the only system which could be employed.
One unreproducible run revealed two barely separable peaks having the same molecular
mass (m’ z = 608). suggesting that a mixture of berbamine and oxyacanthine was present.
however sufficient evidence to make a direct conclusion could not be obtained.
23 Summary

Although attempts to isolate several different alkaloids from M. aquifolium

resulted in the isolation of only one impure BBIQ. experience was gained into the

bl |



extraction process as well as of the work. time and costs involved. Nevertheless. the
isolation of various alkaloidal fractions for subsequent biological analysis in the
lipoxygenase inhibition and DPPH radical reduction assays was accomplished and these

assays are discussed in greater detail in the following chapters.
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24 Experimental
General Section

All organic solvents were redistilled (CHCl, over P.O.. CH,Cl.. and hexane over
CaH..). and all other reagents were purchased in the highest chemical grade available
from Sigma-Aldrich. Chromatography was performed using 60 mesh silica gel and
preparative layer (1 mm) chromatography (PLC) with standard thin layer chromatography
(TLC) grade silica gel. Flash chromatography was conducted using 230-400 mesh silica
gel. 'H and "“C NMR spectra were obtained on a General Electric GE-300 NB
spectrometer at 300 MHz and 75 MHz. respectively. in CDCI, unless otherwise specified.
H shifts are relative to an internal trimethylsilane signal. and shifts in the "’C spectra are
relative to the solvent.
General Procedure

Oregon Grape root (3 kg) obtained from Global Botannical. Barrie. Ontario was
refluxed in ACS grade 93% ethanol over a period of approimately 16 days. The ethanol
was repeatedly removed from the root material and evaporated on a rotary evaporator to
give a thick black liquid (321 g). This was dissolved in HCl,,,, (5%). filtered into a
separatory funnel and washed with hexane. The resultant aqueous layer was basified with
aqueous concentrated NH,OH and extracted repeatedly with CHCI.. The combined
organic layers were dried over MgSO, and evaporated on a rotary evaporator (o give a

black solid (23 g).

The solid was re-dissolved in CH.Cl.. silica (30 g) was added and the solvent was



removed on a rotary evaporator. The resultant product-silica mixture was loaded onto a
silica gel column (2.0 kg) and eluted with an increasing polarity MeOH/CH.Cl, solvent
svstem. The fractions were further purified via flash column chromatography and
preparative layer chromatography utilizing some variation of a CH,Cly MeOH/ELN

solvent system 1o yield an off-white solid.



CHAPTER 3
LIPOXYGENASE INHIBITION ASSAY
3 Introduction

3-Lipoxygenase (LOX) is an enzyme with a catalytic ability to oxidize 1.4-cis.cis-

-

farty acids to glandins (PG’s) and i (LT"s).** These products

have been ized as medi of inf ion in patients suffering from rheumatoid

arthritis. psoriasis. and asthma. Although the mechanism of action is not clearly

d bl

itisa that inhibiting the action of lipoxy can

correlate with v and anti i ive activity in animals and humans.**
The lipoxygenase inhibition assay is a relatively simple and inexpensive in vitro
test for biological activity. Over the past decade. a variety of compounds have been tested
as possible LOX-inhibiting agents incuding anthralin and anthralin derivatives.*~"
protoberberine alkaloids."* bisbenzyltetrahydroisoquinoline alkaloids."* and thiazolyl and
benzothiazoly! Schiff bases.”* Experiments are normally conducted in an incubated
chamber where the reaction between a chosen substrate and the LOX enzyme is
monitored by the consumption of oxygen in a buffered medium. The dissolved oxygen is
measured with a Ag-Pt electrode polarized to between 0.5 and 0.8 volts. The probe is
enclosed within a thin plastic membrane and immersed in an aqueous KCl solution.
When a voltage is applied to the system. the reaction between the Ag electrode and the
chloride ions in the solution generates silver chloride. The electrons generated are used

by the platinum electrode to reduce dissolved molecular oxygen that diffuses through the



membrane from the reaction solution. The current that is produced by this reaction is

proportional to the dissolved oxygen concentration in the buffered medium.**

3.2  Results
3.2.1 Comparison of the Inhibitory Effects of Individual Alkaloids and Extracts
from Mahonia aquifolium
Miiller er al.” and Gallé er ul.** were the first to report on the efficacy of individual
alkaloids and extracts from V[ uquifolium as lipoxygenase inhibitors. They reported the
plant extract to be the most effective with an IC, value of 50 pM. followed by
oxyacanthine (2). berbamine (3) and berberine (36) in that order. being less etfective.
having IC, values > 100 pM. Kostalova er u/.”* examined the inhibitory effects of some

ine. and bisbenzy \ alkaloids in two separate

publications. Each paper compared a different set of alkaloids at different concentrations.

with a crude M. aquifolium extract. The results are presented in Table 3 (Determination

Table 3.  Lipoxygenase inhibitory properties of
alkaloids and extracts from M. aquifolia as
reported by Kostalova er al.**

Yo iti
10x 10°(M) 100 x 10“(M)
oxyberberine (40) 58
oxyacanthine (2) e— 41
berberine (36) 10
berbamine (3) 55
M. aquifolia extract 40 57




of extract concentration is outlined in the experimental).

When the data reported by Milller and Gallé are compared with those of
Kostalova. it can be seen that the results with regard to the efficacy of oxyacanthine.
berbamine. and the extract are generally in agreement but there is no such agreement

when the data obtained with the p ine alkaloids are Table 3 indicates

berberine as being a poor inhibiting agent of LOX at a concentration of 10 pM. although

its efficacy at 100 uM was not reported.

o\/\/\
< I | Oxyberberine (40) is revealed as exhibiting a very
N, {o]
o NN AN
i
‘I\/\/OCH‘
7 T effect which is far greater than those of the other

N"och, test compounds. This is a very surprising result.

potent inhibitory action at 10 uM. an inhibitory

40 o AT
considering the relative inactivity which was

demonstrated for the non-oxidized berberine structure.

A goal of the research initiatives described in this chapter was 10 provide an
effective comparison of the inhibitory abilities of oxyberberine (40). oxyacanthine (2).
berberine (36). a crude total ethanol extract from M. aquifolium. and a crude alkaloid
fraction derived from the total extract. In addition. interest was particularly concentrated
on the action of oxyberberine as having a distinct structural feature which could account
for its reported enhanced potency

The results in Figure 4 represent a repetition (conducted in our laboratory) of the

assay conducted by Kostalova's group. in which five test compounds were compared at
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Onvacanthine Berherine Owberbenne  Crude Alkalods Ethanol Extracts
Figure 4. Comparison of oxyacanthine (2). berberine (36). oxyberberine (40). crude
alkaloids and EtOH extracts from M. aquifolium at 10 pM. Results are
means - - S.D. (n =3).
concentrations of 10 uM. Figure 4 reveals the M. uquifolium ethanol extract and crude

alkaloid fraction to be the most potent LOX inhibitors. These results are of no real

surprise and correlated well with the data presented by Kostlova's group. However.

there are di: ies found for the ining three test When o

the results obtained by Miiller. Gallé. and Kostalovi er al.. the berberine result is

However. oxy ine exhibited a si inhibitory effect considering
that the concentration used was one tenth of that previously reported. When compared to
Kostalova’s results alone. a significantly lowered effect is witnessed with each compound.

This is especially noticeable in the berberine alkaloids (36, 40) where our results

show that there is virtually no LOX inhibi i v in the case of oxyberb:




Nonetheless. consideration must be given 1o the large standard deviation represented in
Figure 4. The data were very difficult 1o reproduce. especially with regard to the alkaloid
extracts. Also. standard deviation could not be calculated accurately for the
protoberberine alkaloids considering that several of the trial runs did not show any
inhibition. In an effort to circumvent this problem. the experiment was repeated at higher
concentrations.

Figure 3 reveals the ® LOX inhibition for the five test at 20 mM.

solutions which are 2.000 times more concentrated than those reported in the previous
experiment. Several observations are immediately noticeable from the data: 1) there are

smaller standard deviations: 2) the potency of berberine and oxyacanthine is the same: 3)

w00

X0
00
600

500

400
B
100

Onyacanthine Berbenne Ouberbenine  Crude Alkaloids  Ethanol Furacts

mygenase Inhibition

Figure 5. Comparison of oxyacanthine (2). berberine (35). oxyberberine (39) and the
EtOH extracts and crude alkaloids from M. aquifolium at 20 mM. Results
are means - - S.D. (n=3).
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oxyberberine was the least potent alkaloid tested. These results question the validity of’
oxyberberine as a potent inhibitor of anti-inflammatory activity previously reported by
Kostilova e ul.. However. the fact that berberine was more potent at a concentration
2.000 times greater than that which was observed in the previous experiment is also
significant and warrants further consideration.
3.2.2 Dose-dependancy of Individual Alkaloids and Extracts from Mahonia
aquifolium
Considering the vast difference in the concentrations of the two previously
reported experiments. it was decided that a study of the dose-dependancy of the test

compounds was warranted. Figures A1-5 illustrate the dose-dependency for

berberine. oxyberberine. the crude EtOH extracts and alkaloid fractions.
respectively.
The data indicate a clear linear dose-response for each of the test compounds. The
inhibitory ability correlates best with Figure 4. namely in the order: ethanol extracts >

crude alkaloids > oxy > berberine > oxyberberine. It should be noted. that the

ethanol extracts and crude alkaloids demonstrated the largest standard deviation. a trend
that has been evident in each of the experiments.

3.23 Keratinocyte Inhibition Assay

As previously described. leuh are potent mediators of i
originating from the oxidation of fatty acids. These compounds serve to stimulate

keratinocyte proliferation. resulting in scaling and plaque formation of the epidermis.
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unsightly symptoms istic of psoriasis. Consids the closely related

of i and

v assays have been
developed that examine the ability of various test compounds to inhibit keratinocyte cell

growth. Miller e al*****' examined the abilities of various anti-inflammatory agents to
inhibit the proliferation of HaCaT cells. which have been reported as being models of
¢pidermal hyper-proliferation in psoriasis. In addition. Maller er al. also examined the
abilities of oxyacanthine. berbamine. berberine and extracts from M. aquifolium to act as
anti-proliferative agents. They found that the results that they obtained in this particular

assay were the reverse of what they found for the anti-inflammatory activities. The

BBIQs oxyacanthine and berbamine were found to be the most potent. while berberine

Olipon genise Results DK erarinocyte Resulis

000

900

300
00
w00
500
100
300
200
0o

no

% Inhibition

Onyacanthine Ouberberne  Crude Alkalods  EGOH Extracts

Figure 6. Comparison of the abilities of oxyacanthine (2). oxyberberine (40). crude
alkaloids and EtOH extracts from M. aquifolium to inhibit cell growth and
the action of lipoxygenase (100 uM).
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and M. aquifolium extracts were found to exhibit only moderate activity.

This thesis also describes an account of the abilities of oxyacanthine.
oxyberberine. crude alkaloids and EtOH extracts to inhibit HaCaT cell growth. This
portion of the research was performed in collaboration with and in the laboratory of Dr. S.

Kaiser of the Faculty of Medicine. Memorial University of Newfoundland. Figure 6

pares the magnitudes of LOX inhibition with anti-proliferative activity. although
insufficient data had been obtained at the time of writing this thesis to determine standard
deviations. Furthermore. it should be noted that this work represents a fairly recent and

still ongoing investigation. Repeat assays of the test compounds including berberine are

Table4.  Miiller's results indicating anti-
proliferative activity as an IC, value.

1Cq (1.0 x 10° M)

M aquifolium 35
berberine 30
berbamine 11
oxyacanthine 13

still in progress.

According to the data represented in Figure 6. there is correlation in the order of
inhibitory activity (EtOH extracts > crude alkaloids > oxyacanthine > oxyberberine). but
the absolute magnitudes of inhibitory activity is more pronounced in the anti-proliteration
assay. Although the results indicate a positive correlation between the two protocols. they

do not agree with the observations of Miller et al.. whose results are presented in Table 4.



They reported efficacy as the concentration at which 50% of HaCaT cell growth was
inhibited (IC.,). When the data which is presented in Figure 6 is treated in a similar
manner. the constituents of M. aquifolium appear 1o have relatively low anti-proliferative
activity.

However it should be noted that when the cells were counted after incubation.
some of the cells in the wells inoculated with the crude alkaloids and EtOH extracts

appeared not to be viable. Thus. these compounds might have actually killed the cells.

rather than have inhibited their proliferation. No definiti ions could be made

without cell viability tests which were not completed at the time of writing this thesis.

33 Discussion
3.3.1 Comparison of Studies

At the onset of this investigation. an attempt was made to bridge some of the
discrepancies in the results reported by the groups of Miiller. Galle and Kostalova. This

was accomplished for the determination of the order of efficacy of the M. aquifolium

extracts and i but not for ining the actual i of efficacy. The

results suggest that the ability of inhibitory activity is represented in the following order:

EtOH extracts > crude alkaloids > oxy i berberine > oxy i In

comparison to the values reported by the aforementioned authors. those reported in this
thesis are generally smaller. A more significant fact was the observation of the virtual

lack of a LOX inhibitory etfect by oxyberberine (40). a result that directly contradicts
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